We study a one-loop induced radiative neutrino model with an inert isospin triplet scalar field in the general framework of U (1) Y , in which we discuss current neutrino oscillation data, lepton flavor violations, muon anomalous magnetic moment, and a dark matter candidate depending on the number of hypercharges. We show global analysis combining all the constraints, and discuss the model.
I. INTRODUCTION
Radiative seesaw models are well known as one of the economical and simultaneous explanations of tiny neutrino masses and dark matter (DM) due to having the strong correlations between them, and these issues are surely discussed beyond the standard model (SM). Even though a vast literature has recently arisen in Refs. , there are few papers including inert isospin triplet scalar fields [86, 87] . Especially, 1-hypercharge triplet scalars (even) with nonzero vacuum expectation value (VEV) provides the type-II seesaw mechanism that naturally explains the tiny neutrino masses due to the smallness of VEV, which is experimentally required.
1 It also gives a lot of phenomenological aspects and/or constraints such as lepton flavor violation (LFV) processes through charged and/or neutral bosons, electroweak precision test, and the lowest bounds on their masses at large hadron collider (LHC).
In this paper, we study a one-loop induced radiative neutrino model with an inert isospin triplet boson (instead of nonzero VEV), in which we discuss neutrino oscillations, lepton flavor violations, anomalous magnetic moment, and a (singlet-like) bosonic dark matter candidate to explain the relic density and the direct detection. Then we show the several results from the global numerical analysis. Here we introduce the simplest discrete symmetry Z 2 as an additional symmetry, which differentiates between SM fields and new fields and assures the stability of DM.
This paper is organized as follows. In Sec. II, we show our model, including neutrino sector, LFVs, muon anomalous magnetic moment. In Sec. III, we analyze bosonic DM candidate to explain relic density and direct detection. In Sec. IV, we have a numerical analysis, and show some results. We conclude and discuss in Sec. V.
II. MODEL SETUP
In this section, we explain our model. The particle contents and their charges are shown in Tab. III. We add three (or two) iso-spin doublet vector-like exotic fermions L with −N/2 hypercharge, an isospin triplet scalar ∆ with (1 + N )/2 hypercharge, and an isospin singlet scalar S with (−1 + N )/2 hypercharge to the SM, where N is the odd inters. be a real field for brevity, while ∆ has to be a complex field. We assume that only the SM Higgs Φ have vacuum expectation value (VEV), which is symbolized by v/ √ 2.
The relevant Lagrangian and Higgs potential under these symmetries are given by
A.
Neutrino mass matrix
At first we redefine relevant terms in terms of the mass eigenstate as
where we define the isospin doublet exotic fermion as
Then the dominant contribution to the active neutrino mass matrix m ν is given at oneloop level as shown in Figure 1 , and its formula is given by
where we define
. One finds that the structure of this formula is the same as Ma model [5] . (m ν ) ab can be generally diagonalized by the Pontecorvo-MakiNakagawa-Sakata mixing matrix V MNS (PMNS) [102] as 
where we assume one of three neutrino masses is zero with normal ordering in our analysis below. The observed PMNS matrix can be realized by introducing the following parametrization. Here we can parametrize the Yukawa coupling y L as follows;
where A is an arbitrary anti-symmetric matrix with complex values. In the numerical analysis as can be discussed later, we determine the value of y L to make a random plot for y ∆ , R, and A.
B. Lepton Flavor Violations
b → a γ processes arise from the following term via one-loop diagrams
(II.15)
Then the branching ratio of BR( b → a γ) is defined by where α em ≈ 1/137 is the fine-structure constant,
where
and if m a ≈ 0, one can approximate the above formula to be
Notice here that three body decay processes a → b c d at the one-loop box type of diagrams are negligible comparing to the BR( b → a γ) types of LFVs [105] .
The µ − e conversion rate R is given by [106] 
where C µe ≡ 4α
The values of Γ capt , Z, N , Z eff , and F (q) depend on the kind of nuclei. But we use Titanium, because its sensitivity will be improved by several orders of magnitude [107, 108] [110] . b V L has to be determined by our model, and its formula is given by
where V ≡ (γ, Z), and m γ = 0, and m Z ≈ 91.19 GeV. 
D. Muon anomalous magnetic moment
The muon anomalous magnetic moment (muon g − 2) has been measured at Brookhaven
National Laboratory. The current average of the experimental results is given by [111] 
It has been well known that there is a discrepancy between the experimental data and the prediction in the SM. The difference ∆a µ ≡ a exp µ − a SM µ was calculated in Ref. [112] as
and it was also derived in Ref. [113] as
The above results given in Eqs. (II.26) and (II.27) correspond to 3.2σ and 4.1σ deviations, respectively.
Our formula of muon g − 2 can simply be given by
where the lower index 2 of a R(L) represents the muon. The case of m = 1 is specific, because we accidentally have some additional terms as
Therefore the m = 1 case cannot realize the general model by itself any longer as discussed in the previous section, since the neutrino masses are induced through the above first term at the tree level. Thus we impose an additional Z 2 symmetry for new fields as shown in Tab. III. As a result, all the terms are originated from the general Lagrangian, and the Z 2 symmetry plays a role in assuring the stability of DM candidates S or the neutral component of ∆. Here S is a real field for brevity, while ∆ has to be a complex field. Then all the discussions are same as the general one except the DM candidates. So we will discuss about the DM candidates below.
Relic density of Dark Matter: We have two DM candidates; the lightest of
where N i is the neutral component of L . However since the fermionic candidate N interacts Z boson, it is ruled out by the experiment of direct detection searches such as LUX [114] .
Hence we consider the bosonic DM candidate. Moreover, we identify DM as the isospin singlet-like boson H 2 to evade the constraint of S-T-U parameter [115] . Notice here that H 2 is redefined by X, and its mass is symbolized by M X hereafter.
Direct detection:
We have a spin independent scattering cross section with nucleon through the SM Higgs(φ) portal process and its form is simply given by
where µ 1 ≡ −2(λ ΦS + 2 √ 2 sin αλ 0 )v, and the mass of neutron, which is symbolized by m N , is around 0.939 GeV. LUX suggests that σ N should be less than O(10
GeV mass range of DM.
Relic density: Our relevant processes for the thermal averaged cross section comes from annihilations of 2X → 2φ, 2X → ν LνL , and 2X → ¯ , 3 and their form is given by [116, 117] 
where Y i,j ≡ (y L ) i,j cos α + (y ∆ ) i,j sin α, and µ 2 ≡ 6λ Φ v. Then the relic density is given by 
The observed relic density reported by Planck suggest that Ωh 2 ≈ 0.12 [118] .
IV. NUMERICAL RESULTS
In this section, we randomly select values of the twelve parameters within the corresponding ranges
to reproduce neutrino oscillation data, 4 LFVs, the constraint of the direct detection searches 5 and the observed relic density of DM. 6 In this analysis, we are preparing 1 million sample 4 In our analysis, we have used the normal ordering case. But we have checked that inverted ordering provides almost the same result. 5 We conservatively take the constraint σ N 10 −45 cm 2 for all the mass region of DM. 6 We take allowed region to be 0.11≤ Ωh 2 ≤0.13 instead of the exact value. should be around
which is rather narrow comparing to our scanning space. , which can also be tested in the future experiment that will reaches O(10 −18 ). Now it is worthwhile about mentioning the way to make a decay for the exotic charged fields. Ψ ±± can always decay into the W ± boson plus Ψ ± because of SU (2) L doublet. Then Ψ 2± can decay into the singly charged boson S ± plus neutrinos through the terms y L or y ∆ .
Finally S ± can decay into the charged leptons and the neutrinos through the terms y L or y ∆ too.Totally the series of process is as follows: , which can also be tested in the future experiment that will reaches O(10 −18 ). The decay process is following.
can decay into the doubly charged boson S 2± plus neutrinos through the terms y L or y ∆ .
Finally S 2± can decay into charged leptons with the same sign, because a new term S ++ēc R e R can be added into our Lagrangian. Totally the series of process is as follows:
Thus all the exotic fields can decay into the SM fields appropriately without introducing any kind of additional fields in the case of m = 3.
D. The case of 4 ≤ m
In the case of 4 ≤ m, the value of muon g − 2 can be obtained sizably, but we have to introduce new additional fields in order to make the exotic fields decay into the DM fields.
For example, another singly boson (h ± ) and doubly boson (k 2± ) have to be introduced in the case of m = 4. Then the additional terms are written as k
Thus the following decay process can occur:
The case of m = 5, another doubly charged boson k 2± has to be introduced. Then the following decay process can occur: for m = (2 − 3), which will be tested in the future experiment that will reaches O(10 −18 ).
When 4 ≤ m, we can obtain the sizable muon g − 2, but we have found that some additional fields has to be introduced in order to make them decay into the SM fields.
The signal of our isospin triplet boson that might be measured at LHC potentially possesses the discrimination from the other radiative seesaw models, since few models introduce the triplet boson. The boson decays into the same sign dilepton + missing(=DM) through the exotic leptons, and their corresponding Yukawa couplings y ∆ can always be larger than the typical values of Yukawa couplings in the type-II seesaw model because there are not any LFV processes at the tree level. It can occur when the DM mass is the resonance point at around the half mass of the SM Higgs boson, which has been discussed in ref. [45] .
